Background: Errors tend to be multifactorial and so learning from nurses' experiences with them would be a powerful tool toward promoting patient safety. Aim: To identify the nature of nursing errors and their contributing factors in intensive care units (ICUs). Methods: A semi-structured interview with 112 critical care nurses to elicit the reports about their encountered errors followed by a content analysis. Results: A total of 300 errors were reported. Most of them (94⋅3%) were classified in more than one error category, e.g. 'lack of intervention', 'lack of attentiveness' and 'documentation errors': these were the most frequently involved error categories. Approximately 40% of reported errors contributed to significant harm or death of the involved patients, with system-related factors being involved in 84⋅3% of them. More errors occur during the evening shift than the night and morning shifts (42⋅7% versus 28⋅7% and 16⋅7%, respectively). There is a statistically significant relation (p ≤ 0⋅001) between error disclosure to a nursing supervisor and its impact on the patient. Conclusions: Nurses are more likely to report their errors when they feel safe and when the reporting system is not burdensome, although an internationally standardized language to define and analyse nursing errors is needed. Improving the health care system, particularly the managerial and environmental aspects, might reduce nursing errors in ICUs in terms of their incidence and seriousness. Relevance to clinical practice: Targeting error-liable times in the ICU, such as mid-evening and mid-night shifts, along with improved supervision and adequate staff reallocation, might tackle the incidence and seriousness of nursing errors. Development of individualized nursing interventions for patients with low health literacy and patients in isolation might create more meaningful dialogue for ICU health care safety.
INTRODUCTION
Nursing errors are wrongful decisions, omissions or actions for which nurses are responsible, that have adverse or potentially adverse consequences for the patient, and that would have been judged wrong by knowledgeable peers at the time it occurred (Meurier et al., 1997) . Errors occur more frequently in intensive care units (ICUs) due to complex care processes, health care technologies, complex patient needs, and responses to therapeutic interventions (Boyle et al., 2006; Thongprayoon et al., 2016) . Donchin et al. (2003) estimated number of errors in the ICU at 1⋅7 per patient per day. Errors are costly to patients in terms of discomfort, or even death. They are also costly to health care providers who feel guilt for causing harm. Money spent to counteract the consequences of errors is unavailable for other purposes. Errors are also costly in loss of trust by patients and diminished satisfaction for both patients and health professionals. Moreover, the general society pays in terms of lost worker productivity and lower levels of population health (Brady et al., 2009; Cabilan and Kynoch, 2017; Institute of Medicine, 2000) .
Because of the lack of descriptive classifications of excellent nursing practice, there is no standardized taxonomy for nursing errors (Meurier, 2000) . Therefore, different approaches are used to classify nursing errors; for instance, an error may be classified by stages of the nursing process (Meurier et al., 1997) , active versus latent errors (Meurier, 2000) , body systems and type of medical activity involved in errors (Donchin et al., 2003) or the error's consequences (Balas et al., 2004) .
Previous research attempted to develop a non-overlapping classification of nursing errors; however, developing completely non-overlapping categories would create an endless list (Benner et al., 2006) . The Taxonomy for Error Reporting, Root Cause Analysis and Analysis of Practice Responsibility (TERCAP) is a classification system designed by Benner et al. (2002) to classify nursing errors and their contributing factors. According to TERCAP, nursing errors fall into eight categories (e.g. medication error, documentation error). Factors that contribute to nursing errors may be nurse-, patient-, system-or health care team-related. TERCAP's eight categories of nursing errors are defined as follows:
• Medication error is any preventable event that may cause or lead to inappropriate medication use or patient harm.
• Documentation error involves inaccurate, unclear or incomplete charting, recording on the wrong chart or omission of documentation.
• Lack of attentiveness is a breach in the early detection of deterioration in the patient's health status.
• Lack of clinical reasoning is lack of the nurse's ability to accurately, precisely, completely and consistently interpret patients' signs, symptoms and responses to management and to evaluate the relevance of these changes.
• Lack of prevention is a breach of safety measures enacted to prevent risks or complications due to hospitalization or illness, such as safety measures of different equipment and procedures, nosocomial infections, prevention strategies and fall precautions.
• Lack of intervention on behalf of the patient includes omitting a part of or an entire intervention, or delayed patient care.
• Lack of accurate order interpretation is a breach of the nurse's understanding and verification of the accuracy of any provider order.
• Lack of responsibility and patient advocacy occurs when a critical care nurse (CCN) neglects, disrespects or fails to respond to patient requests. Advocacy refers to the expectation that a CCN acts responsibly in protecting patient vulnerabilities.
Nursing errors are usually subsumed under medical, physician or medication errors with little public or professional awareness of the nature and seriousness of errors that nurses could cause. Such undifferentiation limits the potential to learn from nursing errors and improve the quality and safety of nursing care (Benner et al., 2006; Johnstone and Kanitsaki, 2006; Meurier, 2000) . The current study aims to identify the nature of nursing errors and their contributing factors in Egyptian ICUs. In this study, we adopted TERCAP as a framework to study nursing errors for three reasons. First, TERCAP was originally developed to investigate nursing errors separately from medical errors. Second, TERCAP's holistic perspective permits tracking a broad range of nursing activities instead of focusing on one aspect, such as medication or documentation errors. Third, TERCAP does not aim only to classify nursing errors but also to identify the root causes of errors. TERCAP has been implemented by multiple state boards of nursing and research to promote safe nursing practice and help identify factors that may contribute to practice errors (Agostino et al., 2016; Hanley et al., 2007; Hudspeth, 2010; Missouri State Board of Nursing, 2015) .
The nursing scene in Egypt
Egyptian hospitals are either run by the government or private. Governmental hospitals are run by either the Ministry of Health or the Ministry of Higher Education and Scientific Research, formally titled university hospitals. Private hospitals are generally staffed by government health care professionals who are allowed to work privately when off duty (Rannan-Eliya et al., n.d.) . Egyptian nurses are divided into two categories: bachelor nurses and technical nurses. All nurses have a mandatory internship training: 6 months for technical nurses and 1 year for bachelor nurses. During the internship training, intern nurses are assigned to provide direct patient care under the supervision of nursing mentors or the in-charge nurses. Nurses have the right to be exempted from working night and evening shifts after the age of 50 and 55, respectively, and if they complain of a disease that limits their ability to work for extended hours (e.g. cancer diseases and renal impairment). Moreover, nurses have the right to be exempted from working night shifts if they are mothers to a handicapped child or their husbands have a chronic disease (e.g. cancer diseases, renal impairment) (Ministerial decision No. 383/2012) . Besides, the executive regulations of some hospitals permit nurses to be exempted from working a night shift after 15 years of work experience. Further, there is no documented policy to regulate the staff mix, including intern nurses, on different shifts. This practice occasionally creates a relative nursing shortage in the evening and night shifts. Therefore, it is not rare for intern nurses to be the main portion of the ICU nursing workforce during the evening and night shifts. Furthermore, in-charge nurses usually have a combined role: i.e. they provide direct patient care along with the supervisory role for novice and intern nurses. To our knowledge, there are no published statistics regarding the Egyptian critical care nursing workforce.
METHOD

Research design
This study used a descriptive research design.
Settings and sampling
From 48 governmental hospitals in Alexandria, Egypt, we conveniently selected two hospitals: the Main University Hospital (1500 beds) and Sharq Elmadinah Hospital (92 beds). These hospitals were selected due to the availability of general adult ICUs, a large number of nursing staff, and the convenience of obtaining administrative approval to conduct the research. The three general adult ICUs in these hospitals were included in the current study, namely Unit-I (12 beds) and Unit-III (15 beds) in the Main University Hospital and General ICU (4 beds) in Sharq Elmadinah Hospital.
As some nurses are assigned to only perform administrative work (e.g. paper work, staff education and other non-patient-related tasks), the current study included only nurses involved in direct patient care: 47 nurses in Unit-I, 66 nurses in Unit-III, and 16 nurses in General ICU. Of those 129 nurses, 112 nurses were enrolled in this study based on the availability of both nurses and researcher.
Data collection
A semi-structured interview guide (Appendix S1, Supporting information) was developed to elicit CCNs' self-reports about their experience with errors. Using the guide, the first author conducted semi-structured face-to-face interviews with CCNs. The interviewer has work experience at study settings for 1 year as a bedside nurse and for 3 years as a clinical educator for CCN students. Each nurse was individually interviewed once for 30-60 min. During the interview, the nurses were asked to describe at least one situation in which they encountered an error that involved at least one patient. Nurses could report situations in either the current hospital or any other workplace (i.e. current study settings were used only for participant recruitment). Field notes were taken as a source of analysis instead of audio or visual recording because such recording may inhibit frank disclosure. Data were collected over a period of four consecutive months (June to September 2014). 
Data analysis
Collected data were summarized and coded using a modified form of the TERCAP instrument (Benner et al., 2002) . Modifications of the TERCAP instrument included elimination or adaptation of items not used in the Egyptian health care system and not part of the study aim (e.g. state board of nursing, type of facility or nursing education). In this study, the quality of the interview process and the depth of gathered data were assured in two ways. First, the validity and comprehensiveness of the interview guide and coding tool were assessed and approved by a panel of nine experts in the field of the study (one ICU head nurse, one professor of anaesthesia and surgical ICU, one medical statistician, one infection control specialist, two professors of critical care and emergency nursing and three professors of nursing administration). Second, we conducted a pilot study on 5% of the study sample (six nurses who reported 10 errors) to test the clarity, applicability, and comprehensibility of the study tools. Participants in the pilot study were excluded from the study sample. The pilot study revealed that further modifications were unnecessary. Regarding data saturation, sample recruitment was continued until data analysis showed clear distinction among different categories and themes.
Researchers are confident that their categories are saturated, and more data will not lead to more information regarding error categories, themes, or contributing factors. The collected data were analysed, summarized and coded by the first and second author to eliminate bias and enhance reliability under the supervision of the third author, guided by the TERCAP guidelines (National Council of State Boards of Nursing, 2008) . To prevent case duplication, each erroneous situation was represented in only one coding form, as follows: (a) when the reported situation involved more than one patient, only one coding form was completed for the patient with the most serious harm; (b) when the reported situation involved more than one nurse, only one form was completed for the interviewed nurse; and (c) when the reported situation involved more than one action linked together, only one form was completed. Nursing errors were used as the units of analysis through the study. Since some nurses could not remember the exact patient age in some errors, we treated age as a categorical variable (<30 years, 30-60 years and >60 years) rather than a continuous one. Data were analysed using the Statistical Package for Social Sciences (SPSS, version 20.0) software. All reported p values are two-tailed and the 0⋅05 level was used to test statistical significance.
Ethical considerations
This study was approved by the Research Ethics Committee of the Faculty of Nursing, University of Alexandria, Egypt. Written approval was obtained from the administrative authority in each hospital. The study purpose was fully explained to all participants. Anonymity, confidentiality and right to refuse to participate in the study were assured for all nurses. An informed written consent was obtained from each nurse before the interview.
RESULTS
Study participants were predominantly female (86⋅6%); their mean age was 26⋅4 years, and their mean critical care experience was 6⋅1 years. All participants (response rate = 100%) reported at least one error; among them, 78 nurses (69⋅6%) reported two or more errors, resulting in a total of 300 reported errors. Thirty-five percent of the reported errors occurred in private hospitals and 65⋅0% occurred in governmental hospitals: 51⋅0% in university hospitals and 14⋅0% in Ministry of Health hospitals. The mean difference between the time of the encountered error and the time of interview was 1⋅2 ± 2⋅64 years, with 70% of the reported errors occurring within the year preceding the interview.
Most of the reported errors (94⋅3%) were classified in more than one error category (Appendix S2). Lack of intervention, lack of attentiveness and documentation errors were the most frequently involved categories; 88⋅7%, 49⋅0% and 43⋅3% of the reported errors respectively were in these categories. Approximately 40% of the reported errors were associated with either significant harm or death of the involved patients. Lack of attentiveness and lack of clinical reasoning were the most serious categories. Conversely, documentation errors, medication errors and lack of professional responsibility were significantly associated with no harm (Appendix S3). Table 1 shows that 80⋅7% of nurses had no skill or professional development activities before the time of the error. One-quarter of nurses had a combined role (direct patient care and supervisory role) at the time of the error. Patients with low health literacy and communication difficulty were involved in 54⋅0% and 38⋅7% of the reported errors, respectively. System factors were involved in 84⋅3% of the reported errors, with managerial and environmental factors involved in 64⋅3% and 38⋅3% of the errors, respectively. Other than the reporting nurses, health care team members were involved in 26⋅7% of the reported errors. Figure 1 illustrates that more errors occurred during the evening shift (2-8 p.m.) than the night (8 p.m.-8 a.m.) and morning (8 a.m.-2 p.m.) shifts: 42⋅7% versus 28⋅7% and 16⋅7%, respectively, with a middle evening shift peak and two additional peaks in the middle of the night and morning shifts. The highest rate of death-associated errors (4⋅3%) occurred in the middle of the night shift.
Among the 300 studied errors, nurses disclosed 136 errors (54⋅3%) to their nursing supervisors with a statistically significant relationship (p < 0⋅001) between error disclosure and the error impact on the involved patients; the less the significance of induced patients' harm, the less the frequency of error disclosure (Appendix S4). Of the errors disclosed to nurse supervisors, there was a statistically significant difference (p < 0⋅001) between nurses' and supervisors' perception of the principal factors that contributed to the errors (Appendix S5). From the nurses' perspective, nurse-related factors and system-related factors were the principal factors in 30⋅7% and 45⋅4% of the disclosed errors, respectively. From the supervisors' perspective, nurse-related factors and system-related factors were the principal factors in 73⋅6% and 17⋅8% of the disclosed errors, respectively.
DISCUSSION
The current study adopted the TERCAP approach to identify the nature of nursing errors and their contributing factors in Egyptian ICUs. To elicit data regarding errors, we used a semi-structured interview approach for several reasons. First, the semi-structured interview encourages the interviewee to report all elements involved in the error to provide an insightful holistic exploration of the situation (Kim et al., 2007) . Second, the use of incident reports in Egyptian ICUs is primarily linked to major patient harm, device failure or family complaints, and there is no consistent system to deal with errors among units. Therefore, relying on incident reports would not give a realistic picture of nursing errors, which threatens data content validity. As error reporting is a sensitive topic, we used individual interviews rather than focus groups to allow nurses to report their errors freely without possible shame from colleagues (Dowling et al., 2016) . The current study investigated nursing errors in both private and governmental hospitals; however, comparing hospitals is beyond the target of the current research and can be addressed in further studies. The majority of errors in the current study were classified in more than one error category, indicating the complexity of nursing practice and errors. Appendix S6 represents clinical examples of each theme of error categories by quotations from nurses' narrations.
The current study reveals that lack of intervention, lack of attentiveness and documentation errors were the most frequently reported categories. Balas et al. (2004) reported that medication errors, procedural errors and documentation errors were the most frequent errors by nursing staff in the USA. In another study (Rothschild et al., 2005) , medication errors, inadequate monitoring and inadequate reporting were the most common type of errors in ICUs. Hanley et al. (2007) reported that the most frequently encountered nursing error in complaint cases closed by the Massachusetts Board of Registration in Nursing were medication error, lack of professional responsibility, lack of clinical reasoning and lack of attentiveness. Such discrepancies may be due to the lack of standardization among studies in term of definition and measurement, suggesting that future research must continue to develop a standardized language to define, describe, compare and analyse nursing errors in different clinical settings. Donchin et al. (2003) noted that more than 25% of reported errors in the ICU were graded as severe or potentially fatal. Rothschild et al. (2005) reported that 13% of adverse events in ICUs were life-threatening or fatal. In the current study, a higher percentage of errors that contributed to significant patient harm or death was revealed. The discrepancy among studies regarding the seriousness of errors may be another consequence of the lack of standardized methodology (Koehn et al., 2016) . Moreover, the difference in time frames and method of judging the error's impact between studies hinder such comparability.
According to the health care error proliferation model (Palmieri et al., 2008) In nursing practice, training deficiencies can appear as high workload, undue time pressure or inappropriate perception of hazards (Beuzekom et al., 2010) . Hence, continuous in-service education and training programs would help nurses provide high-quality, safe patient care (Harkanen et al., 2016) .
Health literacy is the capacity to obtain, process and understand basic health information and services needed to make appropriate health care decisions (Henneman et al., 2012 ). In the current study, about two-thirds of patients involved in the reported errors exhibited low health literacy, communication difficulties or isolation.
This finding reflects the general characteristics of patients in ICUs (Ostermann et al., 2017; Smith et al., 2017) . Further, these patients, compared with other patients, are unstable, require more complicated nursing care and cannot protect themselves (Beccaria et al., 2009; Garrouste-Orgeas et al., 2012; Wittich et al., 2014) . Hence, the development of individualized nursing interventions for patients who may be involved in errors could enable meaningful contribution to the improvement of health care safety (Mattox, 2010; Ootim, 2002) . System factors were involved in most of the reported nursing errors, suggesting that improving the health care provision system might significantly reduce nursing errors. System improvement has been shown to be more effective than focusing on individuals (Agency for Healthcare Research and Quality, 2017; Berdot et al., 2016; Durham et al., 2016) . Lack of supervision was the most frequently involved system factor in the reported nursing errors. This is in line with Reid-Searl et al. (2010) who reported inadequate supervision as a factor in all medication errors. This result supports our finding that 25% of reported errors were committed by nurses who have an additional direct patient care role along with a supervisory role. In this regard, Pagnamenta et al. (2012) Nurses may commit more errors at the end of shifts due to fatigue and lack of time (Bragadottir et al., 2016) . Fatigue and lack of vigilance may contribute to more errors during the night shifts (Ball et al., 2017; Cordova et al., 2016; Rogers et al., 2004) . Contrariwise, more nursing errors may be encountered during day shifts than night shifts, due to high workload, frequent physician rounds and interruptions (Kalisch et al., 2011) Research covering CCNs' response to their errors is limited (Koehn et al., 2016; Nasrabadi et al., 2017) . Results of the current work revealed that nurses' error disclosure was significantly associated with the degree of induced patient harm. Further, there was a statistically significant difference between nurses and their supervisors regarding the principal factors contributing to the error. These findings are supported by Wakefield et al. (2012) who documented that nurses report only potentially life-threatening errors and are in line with Cabilan and Kynoch (2017) , who reported that nurses do not always receive appropriate support after error disclosure. These findings imply that it is imperative to create an environment that supports safe error disclosure and provides appropriate support to overcome the dilemma of error disclosure (Cabilan and Kynoch, 2017; Koehn et al., 2016) . Moreover, nurses should be encouraged to report not only their serious errors but also near misses and harmless errors.
Certain limitations of the current study merit mention. The thematic analysis of qualitative data in the current study was accomplished using a preexisting taxonomy (i.e. TERCAP) which limited the ability to explore possible new themes. Nevertheless, the comprehensiveness and nursing-specificity of TERCAP may attenuate such shortcomings. Moreover, the adoption of an existing taxonomy may serve as a step toward language standardization for nursing errors. Another limitation of the current study may be the overlapping classification of nursing errors which might hinder the clear understanding of each distinctive category. However, the development of such exclusive categories is beyond the aim of the current study. Since the recent study relied on participants' reporting of their previous erroneous actions, two sources of bias might exist. One is that nurses' reporting depends primarily on their awareness of the error (i.e. if they were not aware that they had committed an error, they would not report it). The other source of bias is that nurses may tend to remember serious errors rather than simple ones (recall bias), which might explain the high rate of errors associated with significant harm and death in the current study. Finally, the conveniently selected sample in the current study may limit its external validity. Further projects are needed to examine whether there is a difference in the errors among units and to further compare errors in both governmental and private hospitals.
CONCLUSION
Nursing errors are not medical errors and do not include only medication errors. Health care system-related factors, particularly the managerial and environmental aspects, have a dominant part in most nursing errors. A culture of safe error reporting must be enforced, and nurses should be encouraged to report not only their serious errors but also near misses and harmless errors. Nursing errors should be analysed thoroughly to identify their underlying causes to serve as a benchmark for the development of effective error-halting strategies. Future research must continue to identify a standardized language to define, describe, compare and analyse nursing errors in different clinical settings.
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WHAT IS ALREADY KNOWN ABOUT THIS TOPIC
• Nursing errors are usually subsumed under medical errors, physician errors or medication errors with little awareness of the nature and seriousness of errors which nurses could cause.
• Errors occur more frequently in Intensive Care Unit (ICUs) than in any other settings.
• Error causation is generally multifactorial and learning from nurses' experiences who have been involved in errors is a powerful tool to promote patient safety.
WHAT THIS PAPER ADDS
• Lack of attentiveness and lack of clinical reasoning are the most serious nursing error categories in the ICUs.
• The majority of factors contributed to nursing errors in the ICUs are related to health care system failure, rather than nurses-related factors, particularly managerial and environmental factors.
• More errors occur during the evening shift than the night and morning shifts, with a middle evening shift peak and two additional peaks in the middle of the night and morning shifts. The highest rate of death-associated errors occurs in the middle of the night shift.
